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Specification

Wiping Cloth Made of Nonwoven Fabric and
Method for Manufacturing Wiping Cloth

Made of Nonwoven Fabric

Technical Field
Thepresentinventionrelatestoawipingclothsuperior
in removing dust and absorbing water and to a method for
1) manutacturing the wiping cloth. in particular the
‘nvention relates to a wiping cloth superior in removing
fine dust and in absorbing water and suitable for use in
~iean room and to a method for manufacturing such wiping

cloth

Background Art
A wiping cloth made of nonwoven fabric consist'nd o*
cel'ulose filaments, for example, has been heretofore known
as « wiping cloth to be used 1n clean room. Such a wiping
9( c'oth is advantageous because of its superiority in water
absorp*tion due 10 hydrophilic property of cellulose
tlaments However i f the cel!llulose filaments are
decreased :n fineness (for exampie, | denier or less) in
order to improve the property of removing fine dust
2L {removability). the cloth is prone to generate cellulose
powder. which is not favorable as 2 wiping cloth to be used
in clean room. 11 1s considered that the cellulose powder
|sgeneratedbecausefiIamentbreakageoccursduetodecrease
in tensile strength when the fineness of the cellulose

3 £ilaments is small. The foregoing powder (fibrous powder
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produced from the fibers due 10 filament breakage 1Is
generally called lint.

A wiping cloth made of nonwoven fabric or woven Ofr
kritted fabric consisting of synthetic fibers such as
pclyesterfnbershasbeenalsoknown. Suchsynthet|cfibers
maintain a certain tensile strength and produce a less bint
even if the denier is small as compared with the cellulose
fibers. In this sense, the synthetic fibers are suitable
for a wiping cloth to be used in clean room as compared with
the use of the cellulose fibers. However, 1n the synthetic
fibers. there is a disadvantage that the synthetic fibers
are poor n hydrophilic property as compared with the
ce!lulose fibers (in other words, the synthetic fibers are
nvd-ophobic, and therefore it 1s impossible to give 3
sufficient water-absorbing characteristic 1O the wiping
cloth

Forrhisreason‘awipnngclothprovidedwithmicropores
onrhesurfaceofpo|yesterfibersofnotmorethan1.5deniers
in single fiber fineness was proposed (the Japanese Patent
Pub i1cation (unexamined) No. 89642/1983). However, There
arises a disadvantage in that forming the micropores on the
surfaces of the polyester fipers of fine fibers causes
deterioration in tensile strength of the polyester fibers
thenselves and production of lint. Another wiping cloth
producedbycoatingthesurfaceofthefiberswithasubstance
hav«nghydroph|licproperty(Jrwarer—absorbingproperrvwas
avsoproposed(JapanesePatentPub|ication(unexamined)No_
4997 /'1982) However. in the case of this wiping cloth

denier of the fibers becomes large and there is a possibility

t+hat the performance of removing fine dust is decreased
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p further wiping cloth 1n which water-absorbing
property 1S improved by applying a plasma treatment to 2
melt blow nonwoven fabric consisting of polyburylene
terapntnalate fipers of not more than 0. 8 denter in averags
fineness was also proposed (the Japanese Patent Publication
‘unexamined) No. 33270/1989). However, in the melt blow
method. extra fine fibers are obtained by blowing a melt
polvmeremergedfrmnaspinningholewithgas,andtherefore
molecular orientation in the obtained extra fine fibers is
‘nsufficient as compared with fibers obtained through
drawing Asaresult,itisduff;culttoobtaenfibershavinq
2 sutficient tensile strength. Consequently. there arises
3 probiem +hat the melt blow nonwoven fabric put into use
+p serve as 2 wiping cloth is prone 10 produce fint.

in view of the foregoing problems of the prior arts
:heapp!icantsofthepresentinventionhaveproposedawipinq
ciofkmadeofnonwovenfabricproducedbycombiningsplitting
of splittab|e conjugate fibers with plasma treatment as 3
w1p. N9 cloth superior 1n removing fine dust and absorbing
water and hardly produces iint (the Japanese Patent
Pub:ication (unexamined) No. 140471/1998). This known
wip:ng cloth made of nonwoven fabric is produoed by using
spl:ttable conjugate fibers each of which is formed by
sttcking a polymer component A and a polymer component B
which isinso!ub|e n\thepolymercomponent A, accumuiating
fibers A composed of the polymer component A and fibers B
composed of the polymer component B formed by exfoliating
the stuck splittable conjugate fibers. and modifying
cxfoliated faces of the fibers A and the fibers B through

plasma treatment in other words. this wiping cloth made

-t ATV TyenTEC U‘.’”‘{"'I'\ croatl ol
LRI Vil 7 osl

wlid - 1 o NRR I




® 4 o

otnonwovenfabrtcisintendedtoimprovethewater—absorb\ng
prooerty py utiiizing unevenness oOf microfibrits existinc
or. the exfoliated faces of the spiit fibers, improve the
prreoerty of remov:ing fine dust utilizing the f bers # ana
R ot relatively small denier composed of 1tne polymer
comoonents A and B, and decrcase production of lint.
Thepresentinventionutilizestheinventiondisclosed
.n rhe foregoing Japanese Patent Publication (unexamincd)
No 140471/1998. and has an objec? of providing a wiping
clotr made of nonwoven fabric 1n which the water-absorbing
propertyisfurtherhardlydeterioratedwithage(thepassage
cf time) by adopting a component containing a specific

substance as the polymer component A.

Disclosure of invention

The present invention provides a wiping cloth made of
nonwoven fabric produced by using splittable coniugate
faberseachofwhichisformedbystickingapolyesterpolymer
somponent A containing polyoxya|kyleneg|ycol of 2000 to
20000 in mass average molecular weight and a po|yo|efin
polymer component B which 1s insoluble in the polymer
component A, accumulating fibers A composed of the polymer
compcnent A and fibers B composed of the polymer compongnt
B formed DY exfoliating the sticking of the splittable
conijugate fibers, and modifying exfoliated faces of the
f bars A and the fibers B through plasma treatment. The
inventionalsoprOV|desamethodformanufacturingthewiping
cio+h made of nonwoven fabric

The splittable conjugate fiber used in this invention

is formed DY sticking the polyester polymer component A
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contatning polyoxyalkyleneg\ycol of 2000 to 20000 in mass
average molecular weight and the polyolefin polymer
component B which is insolubie N the polymer component A

Spectific exampies of the sticking manner are shown 1n Figs.

1104,andthestickingmannerisnor|imiredtothoseexamples

Each of Figs. 1 to 4 is a transverse Cross section of 2
spl:ttaple conjugate fiber. Fig. 1 shows 2 splittable
conjugate fiber in which a plurality of polymer components
A are embcddced in an outer circumferentia| portion of the
nolvmer component B, and the polymer components A and the
colvmer component B are stuck together. Fig. ¢ shows 3
spl ttable conjugate fiber in which there are a plural ity
o< potymer components A and a pluralityof polymefr components
Beachform'ngatrapezoudintransversesection,andlateral
sides of the trapezoids are respectively stuck together to
fonnthespz\ttab|eoonjugatefiberbeingcircularas awhole
in transverse cection. A blank portion inFig. 2 indicates
a hollowpart. and therefore the splittable conjugate fiber
inFig.Zisho||owandcy|indr|caL Fig.3showsasp\ittable
con;ugate fiber in which there is a plurality of polymer
components A and a plurality of polymer components B each
heing wedge-shaped in transverse section., and |ateral sides
of the wedges are respectively stuck together to form a
splittable conjugate fiber being circular as 2 whole 1In
transverse section. Fig. 4 shows a splittable conjugate
f.per :n which 2 piurality ot polymer components A (each
of the polvmer components A being circular in transverse
secT Gn) IS stuck to an outer cnrcumferential portion of
a po ymer component B.

The polyester polymer component A containing
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polyoxyalkyleneglycol of 2000 to 20000 in mass average
molecular weight and the polyolefin polymer component B ars
i1so:ubte 'n each other [~ other words, the poiymer
comporent B is insoluble in the polymer component A. As a
resuit the polymer component A and the polymer component
Bareeasilyexfo|iatedfromeachotheratthestickingportion
nf the polymer components A and B. If the polymer componen?
A znd the polymer component B are soluble in each other
the polymer components A and Bwill bemingled in each other
and hardiy exfoliated at the sticking portionof the polvymer
components A and B. The splittable conjugate fiber is
genera!lycomposedofthepolymercomponentAandthepolymer
component B, however, i1t is also preferred that a further
polymer component exists as a third component
ThepolyesterpolymercomponentAisproducedbyadding
polyoxvalkyleneglyco| of 2000 to 20000 in mass average
molecularwcightToapolvesterpolymer. |f amerepolvester
polymer w!Tthout any such addit:on of polyoxyalkyleneglycol
.sused,thereisatendencvthatthewater—absorbingoroperty
isnotsufvaIentlygiventothewipingclothmadeofnonwoven
fab-ic. Specific amount of content is preferably in the
range of 1.5 to 15 mass percent of the polyester polymer.
and more preferably in the range of 3 to 10 masses percent.
1f the content is less than 1.5 mass percent. the
water—absorbingproperryofthewipingc|othmadeofnonwoven
fabric 1s prone to decrease with time. On the other hand,
< the content is more than 15 mass percent, the fibers A
formed of the polyester polvymer component A are prone 10

be lowered instrength. |tispossibletoadoptpolyethylene

teresphthalate. polybutylene terephthalate. or copolymer




polyester of which main component is polyethylene
TerephThalaTeorpo|ybuty|eneterephthalateasthepolyester
polymer

The mass average molecular weight ot
polyoxyalkylenegiycol to be added is in the range of 200C
70000, and preferably in the range of 3000 to 10000 It
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not desired that the mass average molecular weight is

ess than 2000 because it is not possible to obtatn the

polyester polymer component A of which spinning efficiency

1) s superior. More specifically. po|yoxya)kyleneglyco| s
generally added at the stage of manufacturing the polyester
oolvmer by condensing acid and alcohol (especially at the
'atter half of the stage of thepolymerization). in the case

tha- the molecular weight of polyoxya|kyleneg|yool is less

Ih rhan 2000 polyoxvalky!eneglycol easilv reacts or acic and
a'cohol. and consequently, 1 1S difficult to obtain the
pol"esterpolymerofahlghmolecularweight,andthespinning
c“f. ciency becomes unstabie. On theother hand, if the mass
average moiecular weight 1s more than 20000. the cloth is

at not desirable because water-absorbing property is not
suf“iciently given 1o the cloth to serve as a wiping cloth.
Melting point of the polyester polymer component A is
preterably in the range of about 160 to 275 °C, and more
preferablvintherangeofabout180T0260‘C. 1f themelting

2t point cf the polymer component A is more than 275 C, there
is a possibility of occurring heat decomposition of the
polvester polymer and the polyoxya|kyleneg|yco| at the time

of melt spinning. On the other hand, if the melting poin=

's tess than 160 °C. there 1s a possibility of lowering in

3 operat:on efficiency at the time of melt spinning. The
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mei11ing point of the polyole*rn potymer component B s
preferred to be tower than the melting point of the polymer
component A, more preferably. lower than the melting poin®
hv at least 30 °C, and most preferably lower than the melting
noint by at least 5o °C. This is because when heating the
splittable conjugate fibers thereby forming heat-nonded
areasrnwhichthesplittableconjugatefibersareheatbonded
one another, it1spossib|etosoftenormeltonlythepolymer
component B while keeping the fiber form of the polymer
component A as it 1s without softening and melting 1.
Threrefore the fibers composed of the polymer component A
are left even in the heat-bonded areas, and it is possible
1c obtain a strong wiping cloth made of nonwoven fabric.
Far example. . f the melting point of the polymer component
A and the melting point of the polymer component B are almost
+he same the whole heat-bonded areas are melt or softened
andturnedintoafilm—likecondition Asaresulr,strength
is lowered in the heat-bonded areas. and it 1S difficult
tc obtain a strong wiping cloth made of nonwoven fabric.
\f there is a large difference between the melting point
of the polymer component A and that of the polymer component
B(forexample,adifferencebetweenthemeltingpointsmounrs
1o 180 T or more), it becomes difficult to manufacture

splittable conjugate fibers through melt spinning method.

|t is preferred that polypropylene. high-density
polvethylene, linear jow-density
po|yethylene—ethylene—propylene copolymer. of the like

are adopted as the polyolefin polymer component B.
in this invention, each of the melting points of the

polvester polymer component A and the polyolefin polymer

. yyrANR IO T ATTATTA 7 Alan "
yanone WIS =i oy
RV sIVEEO N | SRR RPN




o , @

component B 1s established to be a temperature showing &n
extreme value of a melting endothermic curve obtained Dy
ra:sing the temperature from the room temperature at a speed
5f 20 C/min using a differential calorimeter (DSC-2C
manufactured by Perkin Etmer).

As described above adding po|yoxya|kyleneglyco\ 10
the polyester polymer produces the polyester polymer
somponent A |t is also preferred that various kinds of
additives such as ltubricant, pigment, delustering agent,
heat stabilizer, light resistance agent, ultravioler
absorber. antistatic agent, conductive agent, and therma!
s+oragec agent are added and contained, if necessary. 118
also preferred that the polyolefin polymer also contains
the ment:oned various kinds of additives.

}tispossibletofreelydecidequantitativeproportion
ot fhepolymercomponents AandB H\thesplittableconiugate
fiper. It is, however, more preferred that the proportion

¢t the polymer component A is larger than that of the polymer

cemoonent B. Thys is because the polymer component [
rontains polyoxyalky|eneglyco| and this
po|yoxya|Kyieneg\yco\ performs improvement in

water-absorbingprOpertyofThewipingclothmadeofnonwoven
‘zbric. 1¥ the melting point of the polymer componenrt B is
established 1o be lower than that of the polymer component
p by a certain degree and the splittable conjugate fibers
are combined one another by heat bonding of the polymer
component B. it is preferred that mass proportion of the
polymercomponentArtothepolymercomponentB isestab'ishec
as foilows: polymer component A : polymer component B = 70 :

30 1020 : 80. Ifthemassproportionofthepolymercomponent

3 v rApr IO WU rroal
nTpwl [EDIEC VIO s




T3
N

3

@ ., @

Pis less than 30massparts,thesplittableconjugarefibers
2re not sufficiently combined one another. and it becomes
difficult toobtaina wipingcloth of high tensile strength.
Or the other hand. 1 f the mass proportion of the polymer
component B 1s more than 80 mass parts. the splittable
ccnjugate fibers are strongty heat bonded one another. ant
+re heat-bonded areas are turned into a film-like condition
or hotes are formed. As a result. the obtained wiping cloth
kzs a tendency 10 be insufficient in tensile strength.

Thesplittab\econjugatefiberusedinthisinvention
can be either continuous fiber (filament) or discontinuous
tiper (for example, staple fiber). in general, 1t o1s
preferredthat thesp|ittableconjugatefiber is cont:nuous
fiper. |t is more rational! to manufacture a wiping cloth
madeofnonwovenfabricbyaccumu|atingthecontinuousfibers
2¢ they are as compared with manufacturing a wiping clot”
¢t nonwoven fapbr'c after cutting the continuous fibers intc
discontinuous fibers. It is possible to use the splittable
ccnjugate fiber of any fineness, however, the fineness i's
preferably in the range of 1 10 12 deniers. i{f the fineness
¢t the splittable conjugate fiper is iess than 1 denier,
+re fiber A and/or the fiber B produced by splitting tends
1c pe less than 0.05 denier in fineness., and such fine fiber
{s orone 1o arise a problem of fiber breakage and occurrence
ct o int. Ontheotherhand.ifthefinenessofthesplittable
cenjugate fiber is more than 12 deniers, the fiper A and/or
trefiberBalsobecomeIargeinfineness,andtheperformance
cf removing fine dust is prone 10 be lowered

In the wiping cloth made of nonwoven fabric according

+o the invention, it is preferred that the fibers A and the
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fibersBaremerelyaccumu|ated,however.itismorepreferred
that they are substantially entangled with one another in
three dimensions. This Is because the three-dimensional
ewTanglemenTincreasestenstIestrengthofthewipingc!oth

This substantial three-dimensiona! entanglement does not
mean three-dimensional combination formed by merely
accumulatingthefibersbutmeansentanglementinwhichshows
3 certain improvement in tensile strength is achieved by
means such as water needling or needle punching

In the case of producing a wipingcloth made of nonwoven
fabric provided with both heat-bonded areas and areas not
heat bonded using the splittable conjugate fibers in which
-he melting point of the polymer component B is lower than
themeltingponntofthepolymercomponentA, itispreferred
-hat the fibers A and the fibers B existing in the areas
not heat bonded are not three-dimensionally entangled with
each other. This is because., in this case, the splittable
conjugate fibers are heat bonded with each other in the
nezt-bonded areas, thereby a sufficient great tensile
strength is given 10 the wiping cloth. This is further
because it is possible to give more softness or flexibility
tc the wiping cloth when the fibers A and the fibers B are
rot three-dimensionally entangled with each other.

In the wiping cloth made of nonwoven fabric providec
withboththeheat~bondedareasandtheareasnotheaTbonded
it is possible for the heat-bonded areas to take any
configuration. For example. 1t is preferred that the
heat—bondedareasbeingcircular,triangular‘oval,T-shaped

#-snaped, rhombic, quadrilateral and so on are scattered

all over the wiping cloth made of nonwoven fabric in the
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formof scattered dots. It isalsopreferredthat belt-like
heat-bonded areas be placed 1n the jongitudinal directionr
or ‘n the transversg direction of the wiping clotk made of
ronwoven fabric. Furthermore. it is also preferred that
fattice-shaped heat-bonded areas are arranged on the whole
wiping cloth of nonwoven fabric. In the case that the
heat-bonded areas are arrangedir1theformof scattered dots.
each heat-bonded area has preferably an area in the range
0f about 0.1 to 3.0 mm?  The total of the heat-bonded areas
preferably occupies in the range of about 2 to 50 % of the
surface area of the wiping cloth of nonwoven fabric, and
more preferably 'n the range ot 4 10 20 %. In the case of
arranging belt-like or lattice-shaped heat-bonded. width
ofthebelt—lnkeIinesorthatoftheIinesformingthelattice
's preferably in the range of about 0.1 to 5 mm, and it is
s-e‘erred that the |ines are spaced away from each other
at an interval of approximatcly 1 to 10 mm. |f the total
of the heat-bonded areas is over the mentioned range, the
total of the areas not heat bonded is reduced, and there
isatcendency for theW|pingc|oth'u>bepoor indust-removing
performance. in other words, dust ismainly removed by the
fibers A and the fibers B existing in the areas not heat
vonded. and therefore the dust-removing performance tends
to be reduced as the areas not heat bonded become smaller.
lftheheat—bondedareasaresmal|erthanthementionedranga
theW1pingc|othofnonwovenfabrichasatendencyofIowering
its tensile strength.

A plasma treatment is applied to the exfoliated faces

of the fibers A and the fibers B forming the wiping cloth

according to the invention, Unevenness 1S formed o




microfibrils are produced on the exfoliated faces of the
tipers A and the fibers B. Therefore, the exfol iated faces
have larger surface areas as compared with not-exfo'iated
races ot the tibers A and the fibers B and app!ving plasma
+reatment to the exfoliated faces greatly increases the
water-absorbing property of the fibers A and the fibers B
Ir other words, a group containing oxygen such as carbony!l.
carboxy\.hydroxy,orhydroperoxideintroducedbytheplasma
Treatment|slntroducedintotheexfoliatedsurfacesofwhich
surfaceareahasbeenincreased. Furthermore, insomecases.
cracks are ftormed by the plasma treatment, thereby the
water-absorbing property of the fibers A and the fibers B
s argely improved. The plasma treatment is carried out
byrntroducinganaccumulatedstuffcomposedbyaccumulation
>f the fibers A and the fibers B into a plasma reactor
The-efore i faplasma treatment is applied to the exfoliated
faces of the fibers A and the fibers B, the not-exfoliated
faces of the fibers A and the fibers B are also treated with
the plasma treatment as a matter of course. The weight per
square meter of the wiping cioth made of nonwoven fabric
according to the ‘nvention, which can be freely decided
isapprox1matelvin the range of 10 to 200 g//mzin general.
ppreferred method for manufacturing the wiptng cloth
made of nonwoven fabric according 10 the invention is
hereinafter described. First, the mentioned splittable
conjugate fibers are accumulated 1o form a nonwoven web
In the case that the splittable conjugate fibers are
disconrtnuousfibers,anypubliclyknownmethodsuchascard
methodorrandomwebbermethodcanbeusedtoformthenonwoven

web. In the case that the splittable conjugate fibers are
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cortinuous fibers or filaments, any publiciy known method

such as spunbond process can be used to form the nonwoven

web Described below 1s a method for obtaining a nonwover

web by spunbond process. The polymer component A anc the

2 pclymer component B are fed to a conjugate melt spinning
apparatus,anddischargedfromaconjugatesplnnereL Then

solirtableconjugatecontinuousfibers(notdrawnyet) gach

cf which 1s formed by sticking the polymer component A and

the polymer component B together are spun out. The spun out

o continuousfibersarecooledandintroducedintoanairsucken
The air sucker, which is also called an air jet in general

xsusedtocarrycontinuousfibersanddrawcontinuousfibers

hy sucking and sending air. The continuous fibers fed to

the air sucker are conveyed to an outlet of the air sucker

13 whilebeingdrawn, and the continuous fipers are turned into

splittable conjugate continuous fibers by completing the

drawing. Then, an opening machine located at the outlet of

the a2ir sucker opens the splittable conjugate continuous

fibers. Any publicly known conventional method such as

) corona discharge or triboelectrification is adopted for

opening the fibers. The opened splittable con‘ugate

continuous fibers are accumulated on a moving collection

conveyor of wire mesh or the like. thus a nonwoven web i
tormed
2 Next. asplittingtreatment|sappliedtothisnonwoven

web. Since accumulating splittable conjugate fibers forms
rhenonwovenweb,Ihefibersarenotcombinedwitheachother

and the tensile strength is extremely low. |1t is therefore
necessary to combine Of entangle the splittable conjugate

30 fibers with each other in order to give a certain tensile
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s1rength to the nonwoven web. However, when adopting water
need 1ng or needle punching as the spfitting treatmen®. it
necomes possible to split and entangle the fibers at the
<ame time. and therefore combining or entangling the
cclittaple conjugate fibers with each other can be om tted.
't ;s also possible to apply a partial temporary pressing
1t~ the nonwoven web uwviewoflmprovingeasinessinhandling
a~d transferring the nonwoven web at the t:me of applying
the water needling or needle punching thereto. Generally
'n this temporary pressing, the spiittable conjugate fibers
are weakly heat bonded with each other, and water needl ing
~r need'e punching easily loosens this heat-bonded state

Water needling iIs a treatment in which a pillar-shaped flow
~f liquid having a high kinetic energy is bumped cn the
nonwoven web., and the splittable conjugate fibers in the
nonwoven web receive a shock of the pillar-shaped flow of
Piquid Accordingly, the splittable conjugate fibers are
split into the fipers A composed of the polymer component
A and the fibers B composed of the polymer component B. Thus
the k:netic energy of the pillar—shaped flow of liquid is
app.ted to the fibers A and the fibers B, and the fibers
sre three-dimensionally entangled with each other. 0On the
other hand., needle punching is a treatment in which a needle
pierces the nonwoven web many times. The needle bumps the
spl@ttableconjugatefibers.andconsequenrtythesplittable
con,;ugate Tibers are split into the fibers A and the tioers
B. and the fibers are moved by the needle, thus the fioers
arc three-dimensionally entangled with each other.

In orders to give a certain tensile strength to the

nonwoven web. the splittable conjugate fibers are combined
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with each other in some cases. As a typical means for
compining the splittable conjugate fibers with each other

heat-bonded areas are formed by heat bonding the splivtable
coenjugate fibers together. in this case., by strcking
tegether the polyester polymer component A having a hig~
melting point and the polyoiefin polymer component B having
a low melting point form the splittable conjugate fibers

Ard at least a part of the polymer component B is exposed
on the surface of the splittable conjugate fibers. Then

the nonwoven web is introduced 1nto an embossing anparatus
comprised of a heated embossing rol!l and a flat roll cr an
embossing apparatus comprised of a pair of heated embossing
rolls. Protruding part of the embossing roll is pressed on
tﬁenonwovenweb(i.e..thenonwovenwebispartiallyheated)
whereby only the polymer component B of the splittable
conjugate fibers is softened or melted, and the splittable
conjugate fibers come to be heat bonded with each other

Thus a nonwoven fleece having a certain tensile strength
1s obtained. Inthlsnonwovenfleece,thereareheat—bonded
a'easinwhichthesplittabieconiugatefibersareheatbonded
with each other and areas not heat bonded in which the
splittable conjugate fibers are not heat bonded with each
other. In general, it is preferred that the embossing roll
‘s heated at a temperature not higher than the me!ting point
ofthepolymercomponentB h1rhesplittableconjugatefiber
[f the embossing rol | is heated at a temperature higher than
the melting point of the polymer component B, there is a
possibility that the splittable conjugate fibers in the
heat -ponded areas melt excessively and holes are formed on

the heat-bonded areas. The end faces of the protrudingpart
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of the embossing rol! can be of any form, that is. the end
faces can be oval, rhombic, triangular, T-shaped, #-shaped
or tattice-shapedso that the heat-bonded areas may be formed
into any desired configuration. It isalsopreferred to use
an ultrasonic bonding apparatus comprised of an uneven roll
and an osctllator instead of the mentioned embossing
Apparatus as a matter of course

Spiitting is applied to the nonwoven fleece obtained
by partially heating the nonwoven web. It is possible to
use the mentioned water needling or needle punching as
specific means of the splitting. In this case, the
splittable conjugate fibers existing in the areas not heat+
bonded are split into the fibers A composed of the polymer
comoonentAandthefibersBcomposedofthepolymercomponenT

B. ThenrhefibersAandthefibersBarethree—dimensionalIy

entangledwitheachotherbywaterneedlingorneedlepunching

't isalsopreferred to adopt means of carryingout crumpling
treatment by applying a high-pressure jet to the nonwover
fleece. The high-pressure jet can be easily applied to the
nonwoven fleece by putting the nonwoven fleece 'n a
high-pressure jet-dyeing machine generally employed in

dveing In this case, the splittable conjugate fibers are

spiirintothefibersAandthefiberstycrumpIingtreatment

and the spt.t fibers A and B are entanglied with each other
to a certain degree. Such a entanglement is. however. 2
three-dimensional entangliement | ooser than that obtained
bv water needling or needle punching.

't s also preferred to adopt a buckling treatment as
meansof splitting. Thebucklingtreatment isused tobuck]|e

the nonwoven fleece. More specifically, adoptedisamethod
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,n which the nonwoven fleece 1s introduced into 2 pair of
rolls at a speed higher than a discharging speed so that
ThenonwovenfleeceintroducedfromTherollsmaybebuckled
pe an apparatus for conducting such specific means, it is
possible to use Microcreper manufactured by Micrex Co.
COMFiT Machtine manufactured by Uenoyama Kiko Co., Ltd.. or
tre I1ke. In the buckling treatment, the split fibars A anc
B are not substantially entangled with each other in three
simensions. This is because energy causing the fibers A and
tre fibers B to entangle with each other is not applied in
+he buckiing treatment. Accordingly, the wiping cloth of
nonwoven fabric obtained by the buck!ing treatment is soft
flexible and suitable for awiping cloth because the fibers
¢ and the fibers B existing in the areas not heat bonded
are not substantially entangled with each other in three
dimensions.

The splittable conjugate fibers are split into the
sibers A and the fibers B and fineness of either the fibers
A or the fibers B is preferably in the range of about 0.05
to 1.5 denier. For example, 1f the splittable con:ugate
fibers having a transverse section as shown in Fig. 1 or
Fig 4 are used. fineness of the fibers A is preferably in
the range of about 0.05 to 0.5 denier, and fineness of the
flbersBlspreferablyintherangeofabout1.0t02.0deniers
|f the splittable conjugate fibers having a transverse
section as shown in Fig. 2 or Fig. 3 are used. fineness of
bota fibers A and fibers B 1s preferably in the range of
about 0.05 to 1.5 denuer in. Split rate in splitting the
splittable conjugate fibers is not always necessary to be

100% Split rate of not jess than about 50% is sufficient,
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andthesplitrateofnotlessThanabOUIYO%lsmoreoreferred
The split rate is measured 'n the following manner. Tha-

s, some of the areas where sticking state of the spiittable
conjugate fibers s exfoliated (split) are sampled and
observed using a scanning electronmicroscope. Percenrtage
of portions where the polymer component A and the polymer
component B areexfoliated is observed, and an average value
of the percentages 1S obtained, thus the split rate being
measured.

After splitting the splittable conjugate fibers in the
nonwoven web or the nonwoven fleece, a plasma treatment is
applied. The plasma treatment is a treatment carried out
Ly exposing the nonwoven web or the nonwoven fleece intc
a2 substance in a piasma state. The plasma state is a state
in which, by applying a high voltage 10 the inert gas oOr
heating the inert gas at a high temperature, an inert gas
.5 d:ssociated 1into negatively charged particles and
positively charged particles or is excited. From the
‘ndustrial point of view, 11 18 preferred to adopt 2
iow-temperature plasma treatment 1n which a high voltage
's app'ied to an inert gas. In the application of a nigh
volTage. 11 'S preferred to adopt spark discharge. corona
A.scharge. glow discharge or the like, and among them i1
lsmostpreferred'naadoptglowdischargefrom the industrial
point of view. The pressure of the inert gas in a vesse'
2« the *ime of applying a high voltage is preferably not
more than about 66.5 hPa, and more preferably in the range
of 0.013 to 13.3 hPa. The time of the plasma treatment is

preferably in the range of about 1 second to 5 minutes

The inert gas used in the plasma treatment can be any
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gas on condition that the gas itself is not polymer:zed when
h:gh voltage is applied. In other words., it is possible to
adopt any gas on condition that the gas 's negativelv and
positively charged or excited and acts on the object to be
“teated (the nonwoven web or the nonwoven fleece) without
polymerization of the gas 1tself As is clearly understood
from the foregoing description. the gas itself is not
polymerized under high voltage. and therefore the gas is
referred to as inert gas in this invention. Specific
examplesoftheinerrgasareargon,nitrogen,helium,oxygem
armontia. alr and so on. It is especially preferred to use
argon as the inert gas in this invention. This Is because.
when using argon as the inert gas. a group containing oxygen
is introduced :nto the exfoliated faces of the fibers A and
the fibers B and cracks or flaws are easily formed on the
exfoliated faces, and the hydrophilic property of the wiping
cloth of nonwoven fabric is largely improved. As the plasma
treatment apparatus, aglowdischarge apparatus is generally
used {pages 180 to 182, Fundamentals and Application of
High Polymer Surface (1) cdited by Yoshito IKADA and
pub' ished by Kagaku-Dojin Publishing Co.. Ltd. ).

By applying the plasma treatment as described above
surtaces ot the split fibers A and B (both the exfoliated
taces and the not-exfoliated faces) are modified. and the
water -absorbing property is improved. As unevenness or
microfibriis are formed or produced on the surfaces of the
exfoliated facesbysplitting, surfaceareaof theexfoliated
faces 1senlarged as comparedwith thenot-exfoliated faces,
and thus advantages brought about by the modification bv

the plasma treatment are remarkable. More specifically,
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this modification brings about such advantages that a group
¢onraining oxygen such as carbony!. carboxyl, hydrexy or
hycroperoxide is introduced into high polymers forming the
tirers A and the fibers B or that cracks or fiaws are formed
on the surfaces of the fibers A and the fibersB. Asaresult
of such modification, the water-absorbing property of tk=
wiping cloth of nonwoven fabric formed by accumulating the
fibers Aand the fibers B is improved. Thewipingcloth made
of nonwoven fabric according to the invention is obtained

through the application of the foregoing plasma treatment.

Brief Description of Drawings

Fig. 1 shows an example of a transverse cross section

o* a splittable conjugate fiber according to the present
rvention. Fig. 2 shows another example of a transverse

cross section of a splittable conjugate fiber according to
*he 1nvention. Fig. 3showsafurtherexampleofatransverse
cross section of a splittable conjugate fiber according to
the invention. Fig. 4 shows a still further example of a
Transverse cross section of a splittable conjugate fiber
according tc the invention. In each drawing. reference
character A indicates the polymer component A, andreference

character B indicates the polymer component B.

Best Mode for Carrying Out the Invention
The invention is hereinafter specifically described
on the basisof preferred embodiments. Note that the wiping
cloth made of nonwoven fabric according to the inventior
and the method for manufacturing the wiping cloth made of

ronwcven fabric according to the invention are not limitez
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+o1hesepreferredembodiments. Measurement andevaluatior

of each property or characteristic in each of the examples

were carried out in the following manner.

‘Melt Index of Polymer Component B]: This was measured at
3 atemperatureoleO‘C inconformitytothenwthoddescribed

in ASTM-D-1238(E).

[Water-absorbing Property of Wiping Cloth Made of Nonwoven

Fabric]: The measurement was carried out in conformity 1o

JIS L 1096 A mcthod (dropping water method).

1) [Deterioration with Time of Water-absorbing Property of
W|p1ngClothMadeofNonwovenFabric]: Thewiping cloth made
of nonwoven fabric was put under an atmosphere of 25 °C, and
the water-absorbing property (dropping water method) was
measured every twenty day.

15 "Removabitity of Wiping Cloth Made of Nonwoven Fabricli: A
liquid (water and alcohol) was dropped on a vinyl plate
lightly wiped with a wiping cloth made of nonwoven fabric
ofapproximately]Ocmsquare‘andremovabiIitywasevaluated
from the liquid lefton the vinyl plate. The evaluatior was

7, asvnthetic judgment of a test in which 0.5 cc of the liquid
was dropped on the vinyl plate and another test in which
2.0 cc of the f1quid was dropped on the vinyl plate. The
removability was evaluated in the following four grades
7 The liquid was scarcely left, C: The liquid was siightly

R ieft - The liquid was considerably left, > The liguid
was almost left.

Comparative Example 1
Polyethylene terephthalate containing 5 mass %

polyethylene glycol of6000irwmassaveragemolecularweight

1( was prepared as the polyester polymer component A. Melting
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point of this polyester polymer component A was 250 T and
relative viscosity was 1.49 at 20 C when the polvester
pcolymer component A was dissolved with a solvent prepared
bymlxingequivalentamountsofTetrachlorethaneandphenol

Or the other hand. high-density polyethylene. of which
melting point was 127 °C and melt index was 20 g / 10 min.,
was prepared as the polyolefin polymer component B The
pclymer component A and the polymer component B were
resnectively melted and introduced into a conjugate
spinneret. The adopted conjugate spinneret was provided
with 210 conjugate spinning holes each being configured sc¢
that a splittable conjugate fiber having a transverse Cross
cection as shown inFig. 1 is obtained. Aconjugate spinning
rachine in which the conjugate spinneret has four spindles
was used 1nconjugatemeltspinning. Conjugate spinning was
carried out under the conditions that the emerging weight
per hote 1s 1.3 g/min. and the conjugate ratio [the polymer
component A / the polymer component B (proportion in mass) ]
¢ 1. 4/1. The temperature of the polymer |ine was 285 C
for +he polymer component A and 230 °C for the polymer

component B, and the spinning temperature was 285 C

Next.aftercoolingfilamentsspunoutoftheconjugate
cpinreret with a cooling apparatus, these filaments were
arawr out at 4000 m/min. by means of air suckers placed 15C
crbelow thespinneret. Thesplittableconjugatecont!nuous
fibers were opened with a publicly known opening machine
ard accumulated on the moving collection conveyor of wire
mesn. and thus a nonwoven web was obtained. This nonwover
web was approximately 45 g in weight per square meter. and

fineness of the splittable conjugate continuous fibers
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torming the nonwoven web was approximatelyB deniers. After
trat this nonwoven web was introduced 1nto ar embossing
apparatus comprised of an engraved rol!l {embossing roll}
heated at 122 C and the f1at roll heated at 122 T, the
heat-bonded areas were formed by partially applying a heat.
t+rus a nonwoven fleece was obtained. The heat-bonded areas
areareasinwhichthesp|ittabieconjugatecontinuousfibers
2re heat bonded one another due 10 softening or meltinrg of
1the polymer component B. The areas to which heat was not
applied are areas not heat bonded in which the splittable
coniugateconrlnuousfibersarenotcombinedwithoneanother
but merely accumulated. Each heat-bonded area was 0.68 mm?.
total of the heat-bonded areas occupied 7.6 % of +he surface
cf +he nonwoven fl1eece in terms of area. and density 2t the
heat-ponded areas was 16.0 places/cmZ.
Next,thementionednonwovenf|eecehavingheat—bonded
areas was fed to Microcreper 1 manufactured by Micrex Co
to apply the buck ) ing treatment, the sticking of the polymer
camponent A and the polymer component B in each of the
splittable conjugate continuous fibers was exfoliated, and
then the fibers A composed of the polymer component A and
ThefibersBcomposedofthepoiymercomponenthererevealed
The nonwoven fleece was fed to Microcreper 1 manufacturec
byMicrexCo.aI100m/min.inworkingspee¢ Inthismanner,
2 nonwoven cloth was obtained, and 'n which the heat-bonded
areas are scattered and the fibers A of approximately 0.3
denier in fineness and the fibers B of approximate!'y 1.3
denier in fineness are revealed at least in the areas not
Feat bonded. Water-absorbing property. deterioration in

water~absorbingpropertywithtime,andremovabilityofthis
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ronwoven fabric were then evaluated Table 1 shows the
resulTs
Comparative Example 2
Warerneedl1ngwasappl!edtoIhenonwovenwcbobtainec
nthefore90|ngComparativeExamp!e].eachofthespliTtable
conjugate continuous fibers was split, and the nroduced
fibers A andB wcrethree-dimensional|yentangledweth each
cther. The water needling was carried out under the
following conditions. A pillar-shaped flow of
high-pressure water (7. 84Mpa In pressure) was injected to
the nonwoven web from a die comprised of three TOWS of
injection holes, inwhich the holes are 0.12 mm in diameter.
800 '~ number and 0 6 mm :n pitch The nonwoven web was
praced on a screen of 16 meshes, transferred at 10 m/min.
and a drstance between the injection holes and the nonwoven
webwasestablishedtobeBOrmm After carryingout the water
need!ling., the nonwoven web was mangled with a mangle roll
and dried. thus a nonwoven fabric was obtained. in this
nonwoven fabric, the fibers A of approximately 0.3 denier
‘n fineness and the fibers B of approximately 1.3 denier
in “ineness were formed. and the fibers A and the fibers
B were three—dlmensionaliy entangled with each other.

Water-absorbing property, detrioration in water-absorbing

property with time, and the removability of this nonwoven
tabric were respectively evaluated. Table 1 shows the
results

Comparative Example 3
Needlepunchingwasappl1edtothenonwovenwebobtained
lntheforegotngComparativeExample1.eachofthesp|irtab|e

conjugate continuous fibers were split, and the produced
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fibers A and B were three-dimensionally entangled with each
other. The needle punching was carried out under the
feilowing conditions. RPD36# manufactured by 0rgan was
employed as needle, and the needle punching was carried out
at O times / em? in needle punch density. In the obtained
nonwoven fabric, the fibers A of approximately 0.3 denier
in fineness and the fibers B of approximately 1.3 denier
'n fineness were formed, and the fibers A and the fibers
B were three-dimensionally entangled with each. The
water-absorbingproperty.deterioration inwater-absorbing
property with time, and the removability of this nonwoven
fabric were respectively evaluated. Table 1 shows the
resd!ts.
Comparative Example 4

A nonwoven fabric was obtained through the same method
as *hat 1n the foregoing Comparative Example 2 except that
polvethylene glycol is excluded from the polyester polymer
component A used in Comparative Example 2. The
water—absorbxngproperty,deterioration inwater-absorbing

propertv with age, and the removability of this nonwoven

fabricwererespectivelyevaluated.Table] shows theresults.

pAs the result of excluding polyethylene glycol from the
polvester polymer component A used in Comparative Example
2. the melting point of the poiymer component A was 263 C
and the relative viscosity was 1.38.
Example 1

Low-temperature plasma treatment was applied 1o the
nonwoven fabric obtained in the foregoing Comparative
Exampie 1 under the following conditions, thus a wipingcloth

nade of nonwoven fabric was obtained. The water-absorbing
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property, deterioration in water-absorbing property with

age,andtheremovabilityofthtswipingclorhmadeofnonwoven
tabr:c were respectively evaluated. Tabie | shows the
resu 1S

Conditions

Treating apparatus: Manufactured by Santo-tekko Co. ., Ltd

Small-sized |ow-temperature plasma testing machine
frequency - 13.56 MHz
Flectric power . 200 W
inert gas - Argon (200 ml / min. in flow rate)
Treating time - 30 seconds
pPressurc of inert gas : 1.33 hPa

Example 2

Low-temperature plasma treatment was applied to the
nonwoven fabric obtained in the foregoing Comnarative
Example 2 under the same conditions as that in the foregoing
Fxample |. thus a wiping cloth made of nonwoven fabric was
shtained. The water-absorbing property, deterioraticn in
water-absorbing property with time, and the removability
ofth!swnpingclothmadeofnonwovenfabricwererespecrive!v
sva:uated. Table 1 shows the results.

Example 3

Low-temperature plasma treatment was applied To the
nonwoven fabric obtained in the foregoing Comparative
Example 3 under the same conditions as that in the foregoing
Examplc 1. thus a wiping cloth made of nonwoven fabric was
obta.ned. The water-absorbing property. deterioration in
water-absorbing property with time, and the removability

oftnaswiplngclothmadeofnonwovenfabricwererespecrivelv

evaluated. Table 1 shows the results.
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Example 4

A wiping cltoth made of nonwoven fabric was obtained
by rhe same method as that 'n the foregoing Example 2 sxcept?
tor using polyethylene terephthalate containing 10 mass
nercentpolyethyleneglyco|of6000inmassaveragemolecu\ar
weight as the polyester polymer component A, The
water-absorbingproperty. deterioration inwater-absorbing
propertywithtime.andtheremovabilityofthiswipingcloth
made of nonwoven fabric were respectively evaluated. Table
1 shows the results. The melting point of the polvester
polymer component A used in this example was 248 C and the
relative viscosily was 1.64.

Example 5

A wiping cloth made of nonwoven fabric was obtained
by the same method as that in the foregoing Example 2 excepl
fcr using polyethylene terephthalate containing 1.0 mass
percentpolyethyleneglyco|of6000inmassaveragemolecular
weight as the polyester polymer component A The
water-absorbingproperty‘deterlorationir1water~absorbing
pronerty with age., and the removability of thiswipingcloth
mades of nonwoven fabric were respectively evaluated. Table
1 shows the results. The melting point of the polvester
pclymer component A used in this example was 260 C and the

relative viscosity was 1. 40
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j Note:”-"inTab|e1indicatesthatthewater»absorbing
oroperty was not measured

The results shown in Table 1 leads 10 the following

conclusion. When comparing the foregoing Comparative

Example 4 1In which the polyester polymer component A not

14 containingpo\yoxyalkyieneglycolwasusedwiththeforegoing

Comparative Examplcs 1 10 3 in which the polyester polymer

~ompocnent A containing polyoxya|kyleneg|ycol was used, It

s understood that the water-absorbing property s improved

hv approximately double due to the presence of

1h oolyoxvalkyleneglvco|. On the other hand. in the foregoing

Examp|eslto§ wahichthepresenceofpolyoxyalkyleneglycol
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and the plasma treatment are combined or jointly used. tte
water-absorbing property is improved by at least aboutr 1000
rimesascomparedwithComparatlveExamp|e4. Irother words,
combination of polyoxyalkyleneglycol and the plasma
5 treatment feads to a remarkably significant technical
function and advantage
When comparing the foregoing Example 5 in which the
polyester polymer component A containing 1.0 mass percent
polyoxyalkyleneglycol was used with the foregoing Examples
1) 1 1to4 inwhich the polyester polymer componert A containing
5 10 10 mass percent polyoxyalkyleneglycol was used i1 s
understood that deterioration in water-absorbing property
with age is less in the latter case
In the invention, when a polymer component containing
15 po!'yoxyalkyleneglycol is used as the polymer componecnt A
forming the splittable conjugate fibers and splitting ard
plasma treatment are applied. it is possible to obtain the
technical advantages of largely mproving the
water-absorbing property and decreasing deter oration in

20 water-absorbing property with time.
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